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PHARMACEUTICAL COMPOSITIONS FOR 
IMMUNOSUPPRESSION, ANTICANCER 
AND ANTIVIRAL TREATMENT 



10 ttACKGROUND OF THE IN VENTION 

1 . Field of the Invention 

This invention relates to compounds as used for immunosuppressive agents 
and their use in transplantation therapy. In particular, the invention is directed to the use 

15 of diteipene compounds, in particular hypoestoxides, derivatives and agonists thereof for 
immunosuppressing, inflammation, graft rejection, graft-versus-host-disease (GVHD), 
skin diseases, and T-cell-mediated autoimmune diseases such as arthritis, systemic lupus 
erythematosus, thyroiditis, multiple sclerosis, glomerulonephritis, diabetes, and allergy. 
The invention further relates to use of the compounds for inhibiting growth of cancer cells, 

20 and for inhibiting the growth or lentiviruses or Herpetoviridae viruses. In addition, the 
invention relates to the use of the compounds for inhibiting growth of cancer cells. 



2. Background Art 

immunosuppressive Agents . Many human diseases are characterized by 
excessive or inappropriate immune responses. In transplantation, the immune system 
attacks major histocompatibility complex (MHC)-disparate donor tissue leading to graft 
rejection. In allergy or inflammation, the immune system is hyperresponsive to otherwise 
harmless environmental antigens. In autoimmune diseases, the immune system attacks 
30 normal self-tissues. In immunodeficiency diseases such as HIV infection and AIDS, an 
infectious agent attacks the host's immune system. It is now recognized that 
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immunosuppressiv therapy is appropriate for treating each of these disorders (Blood 
Reviews 1995;9:117-133). The development of naturally occurring secondary metabolites 
of cyclosporin A (CsA), FK506 and rapamycin as immunosuppressants has revolutionized 
organ transplantation through their use in the prevention of gja^re|e(?ti^(TIBS ^ 

5 1993;18:334-338) and GVHD (Ann Hematol 1995;71:301-306). There are, however, 

serious side effects associated with use of these drugs, such as nephrotoxicity, 
neurotoxicity, hepatotoxicity, endocrine complications and bone effects (New Engl J Med 
(1989)321:1725-1738; KahanBDetal. Surgery (1985) 97:125). There is, therefore, a 
clinical need to provide new compounds for effective immunosuppression without these 

10 side effects. 

Anticancer Agents . The strongest impetus for the many decades of research 
in tumor biology has been the hope that effective therapeutic agents might be found 
cytotoxic against tumor cells that could be used for prevention and therapy of cancer. 

Malignant melanoma continues to increase in incidence. Currently, 
15 malignant melanoma is the fifth most frequently occurring cancer in the U.S. While early 
melanoma is highly curable by surgical means, the prognosis of patients with more 
advanced lesions and/or metastatic disease remains poor (Bezwoda, WR; Cancer Treat 
Rev 1997;23(l):17-34). Conventional chemotherapy with single-agent activity has a low 
frequency and short duration of response (Cancer Treat Rev 1997; 23(l):17-34); Mayo 
20 Clin Proc 1997;72:367-371). 

Metastatic renal cell carcinoma (RCC) is highly resistant to the many 
systemic therapies that have been extensively investigated (Motzer RJ et al. Current 
Problems in Cancer, 1997;21(4):185-232). RCC occurs nearly twice as often in men as in 
women. Increased availability of improved and highly sophisticated diagnostic methods 
25 such as ultrasonography and computed tomography (CI) scanning (Franklin JR et al. 
Seminars in Urologic Oncology 1996;14(2):208-215) has revealed a steadily rising 
incidence of RCC. Cervical carcinoma is the most common malignancy among women in 
developing countries (Morrow CP et al. J Cell Biochem 1995; suppl 23:61-70) and the 
third most common malignancy of the female genital tract in the United States (Miller BA 
30 et al. National Cancer Institute; NIH publication 93-2789, 1993). 
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All of the subsequent technological advances, including high dose rate 
therapy, treatment planning, new isotopes, new imaging techniques, and new machines, 
have had no clinically measurable effect on the curability of cervical cancer (Morrow CP 
et al. J Cell Biochem 1995; suppl 23:61-70). 
5 Because neurotoxicity and chemotherapeutic drug resistance remain some 

of the major clinical problems associated with failure in the therapy of human cancer 
(Anticancer Drugs 1995;6(3):369-383; Curr Opin Oncol 1997;9(l):79-87), there is a need 
for study of new agents with fewer side effects and maximum efficacy. 

Antiviral Agents. The interactions between viruses and me host immune 
1 0 system arc not only complex and fascinating but also critical in deteiraining the outcome 
of infection and strategies for its prevention. The goal of antiviral chemotherapy is to 
inhibit replication of the viral genome without affecting the DNA of the cell. 

Of the large number of agents under development for the treatment of 
herpes virus infections [Herpes Simplex Virus types 1 and 2 (HSV- 1 and HSV-2), 
1 5 Varicella Zoster Virus (VZV), cytomegalovirus (CMV), Epstein-Barr virus (EBV)], only 
ten have apparently reached clinical development (Alrabiah FA and Sacks, SL; Drugs 
1996:52(1): 17-32). Although aciclovir is the treatment of choice in herpes simplex 
encephalitis (HSV-1), mortality and morbidity remain problematic (Skeldenberg B; Scand. 
J. Infect Dis Suppl 100:8-13, 1996). The same can be said about interferon-alpha (IFN-a) 
20 andinterferon-betaCQFN-P). Although both IFNs have considerable antiviral and 

immunomodulatory effects, their success as antiviral agents in humans has been hindered 
by their dose-limiting side effects (Balkwill, FR. Interferons; Lancet 1989;1:1060-1063). 
HSV-2 is the most common infective cause of genital ulceration in developed countries. 
Currently, 1 in 5 (20%) teenage adults in the United States is infected with genital herpes. 
25 A range of antiviral agents has become available since the early 1980s which can reduce 
disease severity, but HSV infection is life-long and, once established, there is no treatment 
which will eliminate it (Brugha, R. et al. Int. J. Epidemiol 1997;26:698-709). Therefore, 
there is a tremendous need to develop new approaches and agents to eliminate HSV 
infection. 

30 The number of Human Immunodeficiency Virus type 1 (HTV-1 ^infected 

individuals is currently estimated at 1-2 million in the United States, with a worldwide 
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incidence of approximately 20 million. By the year 2000, it is estimated that more than 3 
million Americans will be infected with HIY-1 . 

Until recently, treatment of HIV-1 infection was4imi^)^tbc WSfrQfv. 
nucleoside inhibitors of the viral enzyme reverse transcriptase (RTl)r While these agents 

5 initially offered promise, they have only modest antiviral activity and the benefits of 

treatment are limited by the emergence of drug resistance and dose-limiting toxic effects 
(McDonald CK et al. Arch Intern Med 1997;157(9):951-959). Although treatment of HIV 
widi nucleoside analog RTls and protease inliibitors forms the backbone of anli-HIV 
therapy, non-nucleoside RTIs, immune modulators, and new entries in existing classes of 

1 0 pharmacologic agents hold promise for die future (Hartman AF, Prim Care 

1997;24(3):531-560). Because combination therapy with two, three, or more agents has 
become the standard of care, additive toxicities have become a major problem. 



15 



20 



nren ORimF. OF TVJ P INVENTION 
i m n,„nn,.,nnrc SS ion. Applicants' invention rests on Uicir finding that a 
select group of hypoestoxide analogs possess unexpected effectiveness as 

immunosuppressive agents. 

Accordingly, one aspect of the invention is directed to compounds of the 

formula ...< ,~ 
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(i) H, PO,-, alkyl of 1 to 12 carbon atoms substituted or unsubstituted. straight chain or 
branched. 0 to 6 double bonds. (CH^morpholine where n=l-4, morpholinomcthyl phenyl, 
orthoaminophenyl. orthohydroxyphenyl. (CH^COOR, where n =1-4 

where R 2 is H. an alkalai metal salt, an alkaline earth metal salt. NH«*. 
N-(R,) 4 where R, is independently selected from the group consisting of H 
and alkyl of 1 to 4 carbon atoms, or 

(ii) COR, wherein R, is selected from the group consisting of I], (CH^Sgj. wlic?-c n-1-6. 

(CHJ.COOR, where n=l-4 and R 2 is P revious.y defined. (Ptt^iW, wherein n= 1-4, 

and (CH,) n S0 3 - where n=l-4, 

and pharmaccutically acceptable salts thereof. 

A related aspect is directed to pharmaceutical compositions co.npns.ng a 

therapeutically effective immunosuppressant amount of the compounds of formula IV. 

Another aspect of the invention is directed to methods for inducing 
immunosuppression in animals which need immunosuppressive treatment. The method 
comprises administering to animals pharmaceutical compositions compns.ng a 
therapeutically effective immunosuppresant amount of hypoestoxide (herein dcs.gnaled 
JO-4 and illustrated in formula I) or one or more of Ob compounds of formula IV. 



rv 
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Anticancer Agents. Applicants' invention rests on thcicfindaig Uiata select 
group of hypoestoxide analogs possess unexpected effectivene^^l^ 
paiticular, tlie present invention comprises a method for inhibiting the growth of cancer^ ^ 
cells or cancerous tumors. The method comprises administering to a subject in need of 
anticancer or anticancer therapy a pharmaceutical composition comprising a v 
therapeutically effective amount of a compound of the formula IV. 



10 



15 



IV 




20 



25 where: 
Ris 

(i) H, P0 3 ", alkyl of 1 to 12 carbon atoms substituted or uusubstitute^f trai^l chain or 
branched, 0 to 6 double bonds, (CH,) n raorphoIine where n=M, morpholuiomeUiylphenyl, 
orthoaminophenyl, orUiohydroxyphenyl, (CH^,,COOR 2 where n =1-4 



30 
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where R^ is H, an alkali metal salt, an alkaline earth metal salt, NH/, 
N*(Rj>4 where R 3 is independently selected from the group consisting of H 
and alkyl fit 4 carbon atoms, r 

5 (ii) COR, wherein R, is selected from the group consisting of H, (CH^CH,, where n=0-6, 

(OU.COOR, where n=l-4 and R, is previously defined, (C1U.N W< wherem n-M, ^ 
and (CH^SO; where n-1-4, 

and pharmaceutical* acceptable salts thereof. ^ 

One asnect of the method involves admiiuslniti^ ^ 
! o designated JO-4A) having the fonnula: 4 * j**". ; ••: -« ^ 




25 



30 



Anriviml Aocnls. Applicants' invention rests on their finding that a select 
group of hypocstoxide analogs possess unexpected effectiveness as growth inhibiting 
agents against lentiviruses and against viruses of the family Herpetoviridae, includmg, 
respectively.HTV-l andHSV-1 andHSV-2. In particular, the present invention compnscs 
a method for inhibiting the growth of these viruses in subjects. The method compnses 
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administering to a subject in need of antiviral therapy a pharniacculicalfcbmposiiibii; 
comprising a therapeutically effective amount of a compound of the formula 

o 



rv 




where: 
R is 

(i) H, PO,-, alM of 1 to 12 carbon atoms substituted or unsubstituted, straiglit chain or 
branched, 0 to 6 double bonds, (CH^morpholine where n=l-4, morphoUnomcthylphcnyl, 
ortlioaminophenyl, orthohydroxyphenyl, (CHACOOR, where n =1-4 

where R 2 is H, an alkalai metal salt, an alkaline earth metal salt, NH/, 
N*(R 3 ) 4 where R 3 is independently selected from the group consisting on I 
and alkyl of 1 to 4 car bon atoms, or 

(ii) COR, wherein R, is selected from the group consisting of H, (CH 2 ) n CH 3 , where n=0-6, 
(CH^COOR, where n=l-4 and R 2 is previously defined, (CH^CR,), whcrcin n=M ' 
and (CHj) n S03- where n=l-4, 

and pharmaceutical^ acceptable salts thereof. 

In another aspect, the invention provides a mcmod. of treating a subject to 
alleviate pathological effects of the growth of viruses of the Icnlivirus family (e.g. lUV-l) 
and Herpetoviridae family (e.g. HSV-1 and HSV-2) in the subject. The method comprises 
administering to the subject at least one hypoesfoxide having formula IV. The 
hypocstoxide is administered to the subject in an amount sufficient lo inhibit the growth of 
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these viruses in said subject to thereby inhibit said effects. 

The above discussed features and variables of the invention and attendant 
advantages f the present invention will become better understood by reference to the 
following detailed description of the invention when taken in conjunction with the 
accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the inhibitory effects of JO-4 on a human two-way mixed -^-****W**- ^ 
10 lymphocyte reaction. PBMCs from two individuals were co-cultured in the presence of 

varying concentrations of JO-4 for 5 days. Proliferation was measured by 3 H-thymidine 
incorporation and expressed as CPM and % inhibition of controls wells without JO-4. 

Figure 2 shows the inhibitory effect of JO-4 on one-way MLR-generated 

15 human T-lymphocyte-mediated cytolysis. Cytotoxic T lymphocytes (CTLs) were 

generated from one-way MLR in the absence or presence of JO-4 for 5-7 days. At the end 

of culture, CTLs were harvested and tested in a four hour 5l Cr-release.assay. against r 

activated lymphocytes which were used as stimulators in the one-way MLR. Results are 

expressed in lytic units (LU) and as % inhibition. 

20 * 

Figure 3 shows the inhibitory effect of JO-4 on pro-inflammatory cytokine 

synthesis. Human PBMCs were cultured with 5 jig/ml LPS in the absence or presence of 

1.0 ^Lg/ml JO-4 in 24-well microtiter plates for 24 hours. At the end of culture, 

supematants were harvested and tested by EIA for the presence of EL-IP, TNF-a, and IL-6. 

25 The results are expressed as % inhibition of control wells without drug and in pg/ml of 

cytokine present in the supernatant. 

Figure 4 shows the inhibitory effect of JO-4A on human two-way MLR. 
PBMCs from two individuals were co-cultured in the absence or presence of varying 
30 concentrations of JO-4A for 5 days. Proliferation was measured by 3 H-thymidine 

incorporation and expressed a§ m^ CPM,, ^ onc^m^ix^u^ * 
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Figure 5 shows the inhibitory effect of JO-4 on LPS-induced murine 
lymphocyte proliferation in vitro. Mouse spleen cells were cultured either in the absence 
or presence of varying concentrations of JO-4 for 48 hours with LPS (Sjig/ml). 
Proliferation was measured by 3 H-thymidine incorporation and expressed as ACPM. 

Figure 6 shows the inhibitory effect of JO-4 on PHArinduced ^roUferation 
of human PBMCs. Human PBMCs were cultured with PHA (15*ig/ml) either in the 
absence or presence of varying concentrations of JO-4 for 4 days. Proliferation was 
measured by 3 H-thymidine incorporation and expressed as ACPM and % inhibition of 
control wells without drug. 



30 



Figure 7 shows the toxicity of JO-4 on human PBMCs. Human PBMCs 
were cultured either in the absence or presence of varying concentrations of JO-4. At 
different intervals of time, the viability was determined by trypan blue dye exclusion text 
and expressed as % viability of total number of cells counted. 

Figure 8 shows the effects of JO-4A on NK activity in vivo. Mice were 
treated with varying concentrations of JO-4A either by intravenous (A) or oral (B) 
administration. Spleen cells were tested for NK function using YAC- 1 targets in a 4-hour 
s, Cr-release assay. 

Figure 9 shows the dose-dependent cytotoxic effects of JO-4A on various 
human cancer cells. Human cervical epitheloid ^^^r^^Wg^ 9^ nant 
melanoma cell lines were cultured for 72 hours either in the presence or absence of various 
concentrations of JO-4 A. Cytotoxicity was determined by colorinietric (^nX^^^^ 

Figure 10 shows the dose-dependent cytotoxic effects of JO-4A on normal 
human cells of various tissue origin. Normal human cervical ectoepithelial cells, 
peripheral blood mononuclear cells, mammary epithelial cells and umbilical vein 
endothelial cells were cultured either in the presence or absence of various concentrations 
of JO-4A for 72 hours. Cytotoxicity was determined by colorimetric (MTT) assay. 
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Figure 1 1 shows the dose-dependent cytotoxic effect of JO-4A on m use 
malignant melanoma (B 1 6-F 1 ) cell line. B16-F1 cells were cultured either in the presence 
or absence of vari us concentrations of JCMA for 72 hours.. Cytotoxicaft^was determined 
by colorimetric (MTT) assay. -^*«#c*$*k 

Figure 12A shows the effect of oral administration of JO-4A<on mouse- 
malignant melanoma (B16-F1) volume in C57BL/6 (B6) mice. B6 mice received 50,000 
B16-F1 viable cells subcutaneously (s.c). Mice in the experimental groups received 
different concentrations of JO-4A orally everyday starting from day 4 after tumor 
10 implantation. Tumor volume was measured on day 12 using a microcaliper. 

Figure 12B shows the effect of oral administration of JO-4A on the survival of 
malignant melanoma (B16-F1) bearing B6 mice. B6 mice received 50,000 B16-F1 viable 
cells subcutaneously (s.c). Mice in the experimental groups received different 
1 5 concentrations of JO-4A orally everyday from day 4 post tumor implantation to day 20. 

Percent survival of mice in the experimental groups was ~«*tor., 
the non-treated control group were dead (day 28). 

Figure 13 shows the effect of oral administration of J04A on the survival^ - 
20 of B16-F1 melanoma bearing B6 mice. B6 mice received 50,000 B16-F1 viable cells 

subcutaneously (s.c). Mice in the experimental group received JO-4A (2 mg/Kg) orally - 

everyday from day 4 to day 20. % 

F 

Figure 1 4 shows the effect of JO-4A in combination with IFN-alpha on the J 

■I. 

25 growth of human malignant melanoma in vitro. 

Figure 15A shows the inhibitory effect of JO-4A on IflVrJ replication in 
cultured human peripheral blood mononuclear cells (PBMC). Human PBMCs were 
activated with PHA and infected with HTV-1 isolate from a patient Infected PBMCs were 
30 cultured for 7 days either in the absence or. presence of varying coQ ^n^^a ^JQ^. 
(0.0001 fM. - 0.5 /zM). At the end of culture, supematants were collected and measured 
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by ELIS A for the presence of p24 antigen. 

Figure 15B shows the toxicity testing of JO-4A on culturcAnptPWl-^S^ 
PBMCs, which have been activated with PHA for 3 days. Acuvated-PJBMCs were 
cultured with 3% IL-2 for 7 days either in the absence or presence of varying 
concentrations of JCMA. (0.0001 ^M- 0.5 jiM). At trw.erApfguJt^tte viabil^fjhe : 
PBMCs were dctennined by trypan blue dye*exclusion lesC^ - s 



Figure 16A shows the antiviral effect of J04 onHerpes smplex^l (H5V? 
1) replication. Antiviral effects of JO-4 on HSV-1 were determined using Hybriwix Probe 
Systems: HSV antiviral susceptibility test kit from Diagnostic Hybrids, Inc. (AwenSvOH). 

Figure 1 6B shows the antiviral effect of JO-4 on HSV-2 replication. 
Antiviral effects of JO-4 on HSV-2 were determined as described in Figure 1 6A. 

Figure 16C shows the antiviral effect of JO-4A on HSV-2 replication. 
Antiviral effects of JO-4A on HSV-2 were determined as described in Figure. J6A. 



10 



15 



Figure 17A and 17B show the results ^taa^^^^P^^^ 

20 onnoniial,uiiuif^ 

cells were cultured either in the presence or absence of various concentrations of drugs for 
72 hours. Cytotoxicity was determined by colorimetnc (MIT) assay 2 



25 MOPES OF CA W« VTNn OPT THE INVENTION 

General Description a nd Definitions 

The practice of the present invention will employ, unless otherwise 

indicated, conventional molecular and cellular immunology, cell biology, biochemistry, 

and organic and medicinal chemical synthesis within the skill of the art. Such techniques 
30 arc explained fully in the literature. Sec, e.g. Abbas, A.K., et al., eda. 1994, 2nd ed. 

Cellular and Molecular Immunology, W.B. Saunders Co., USA; Harlow, E. and D. Lane, 
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Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory,' 1988;*Auchincl03,'Jr. ; 
H. and Sachs, D.R Transplantation and Graft Rejection in: Fundanientalin^unplogy, 
Paul, W.E. ed., 1993, Raven Press; Silverman, Ri<mard B.?The:^ ; U ... ^ 

Drug Design and Drug Action, Academic Press, Inc. NY (1 992); Smith, Michael B., 
5 Organic Synthesis, McGraw Hill, Inc., NY, (1994)). Also see Cancer Chemotherapy: ^jtfpy*.**? 

Principles and Practice, ed. B.A. Chabner, J.M. Collins, Phil., Lippincott Publ., 1990; 
' Mechanisms of Interferon Actions. Vol. IL ed. L.M. Pfeffer, CRC Press, Boca Raton, FL 
1987; Interferons: Principles and Medical Applications , ed. S. Baron, D. Coppenhauer, F. 
Dianzani, et al., The University of Texas Medical Branch, Galveston, 1 992; Robins, R.K., 
1 0 Ojo-Amaize, E.A., Cottam, H.B., et al., Nucleoside and nucleotide modulation of genetic 
expression: A new approach to chemotherapy. In: Advances in Enzvme Regulation, 1989, 
Vol. 29; Cancer: Principles and Practice of Oncology : ed. de Vita, Jr., V.T., Hellman, S., 
and Rosenberg, S.A., Lippincott Co., Philadelphia, 1993; The Chemotherapy Source 
Book, ed. Perry, EC, Williams and Wilkins Publ., Baltimore, 1991),, Silverman, Richard 
1 5 B., The Organic Chemistry of Drug Design and Drug Action, Acade^^^.J^ ?; ,N^x' 
(1992); Smith, Michael B., Organic Synthesis, McGraw Hill, Inc., NY, (19 : 9fl)) n .Further 
see Raiier D JL The Specific Treatment of V irus Diseases. Univel^ P^ PieSS, ^ ■. , . 
Baltimore, MD, 1977; Gawler, H., Nucleic Acid Hybridization for Measurement of 
Antiviral Compounds on Human Cytomegalvirus DNA Replication, Antimicrobial .A^^tf /t .^^^^.^ 
20 Chemotherao . 1983. 24:370-374; ColUer, L.H. and Oxford, J., eds., Developments in 

Antiviral Therapy. Academic Press, London, 1980; Coligan, J.E. et al., eds., Current 
Protocols in Immunology. 1993; Robert B. Belshe, ed., Textbook of Human Virology, 
2nd, ed.. 1991 ; Silverman, Richard B., The Organic Chemistry of Drug Design and Drug 
Action, Academic Press, Inc. NY (1992); Smith, Michael B., Organic Synthesis, McGraw 
25 HU1, Inc., NY, (1994)). 

Immunosuppression . The following terminology will be used in 
accordance with the definitions set out below in describing the present myention. 

For purposes of the invention, the.term "unmunosuppr^ye treatment" 
refers to an approach to the prevention and management of diseases and syndromes, which 
30 require for therapy the suppression of lymphocytes and unrnxraocytes.. £uch djsrases and ' 
syndromes include, but are not limited to, graft vs. host disease (GVHD), autoimmune 
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diseases such as diabetes, rheumatoid arthritis, systemic lupus erythematosus, thyroiditis, 
multiple sclerosis, glomerulonephritis, and allergy. It is understood that a commonly used 
method of immunosuppression involves administering to an animal in need of such 
treatment a therapeutically effective amount ofaninmninQSup nji j ^ 
cyclosporin A, FK506, or the compositions and methods exempUJ^d^^glain^d:Jt 
in order to inhibit T-cell activity or T-cell response. -v- 

The terms t nymphocytes:and.immuiu)cytejgan^^^ 
specificity of immune responses. As used herein, the terms refer to T lymphocytes, which 
are described in detail in Abbas et al. 

"Natural killer cells" or "NK cells" are non-T, non-B lymphocytes usually 
having granular morphology. NK cells are important in innate immunity to viruses and 
other intracellular pathogens as well as in antibody-dependent cell-mediated cytotoxicity 
(ADCC). NK cells are responsible in large degree for graft versus host disease (GVHD) 
(Ferrara, J.L.M., et al. (1989) Transplantation 47:50-54; Ghayur, T. et al. (1987) 
Transplantation 44:261-267; Ghayur, T-, et al. (1988) Transplantation 45:586490. -As 
demonstrated in the Examples below, it was found that the compounds and methods of the 
invention suppressed NK cell activity in w« and found mMJ^^^^^^^S^ 
GVHD in animals in need of such treatment 

The term "transplantation" refers to the process of taking cells, tissues, or 

organs, called a graft, from one individual and, usually, plac ing ^ ^ sj^ ^^j^ 
genetically non- 
identical recipient. The individual who provides the graft is referred to as the donor, and 
the ^dividual who receives the graft is referred to as either the recipient or host .... 
Transplantation leads to a specific immune response, called rejection, that can destroy the 
graft. Transplant tissues include solid organs, such as liver, heart, and kidneys; and other 
tissues such as skin and bone marrow. In vivo rejection is mediated by T cells. Rejection 
may be prevented or treated by immunosuppressing the recipient (host) by administering 
to the host therapeutically effective amounts of compounds such as cyclosporin A or 
FK506, as weU as adininistering the compositions exemplified herein. Most 
immunosuppression is directed at T-cell responses using specific immuno^oressive 
agents, not unlike th compositions of the present mveiuion. Inadd^^ 



Oct 23 03 OS: 17p 
WO M4b222 



E. Ojo-flmaize, Ph.D, 



626t914-1575 



10 



15- 



inununosuppression of NK cell fimqtioji.ia dp^pppjay^ 




treating conditions such as graft vcrsushost disease {G^7^M^^^M^^ 
donors require preparatory immunosuppression by a^^* ^^^^ 
effective amount of an immunosuppressiveageut prior t donating transpjant for 
prevention of graft versus host disease in a recipient. 

The term "animals" is taken to mean humans as well as other animals. 
As used herein, the term "JO-4" means a compound which is a bicycle 
[9,3,1] pentadecane ditcrpene compound, as described in Z. Naturforsc 37 c: 558-56 1 
(1982) and in Heterocycles 20:2125-2128 (1983). in which reference this compounds 
named "hypoestoxide." The chemical structure of JO-4 is illustrated in formula I. 

It is understood that the compounds illustrated in formula IV include 
prodrugs of JO-4A. In terms of formula IV. JCMA is derived from JO-4 when R is H 
The structure of JO-4A is illustrated in formula U. 



15 
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The term •♦prodrug," as used herein, refers to ^P^rnia^|M| h^^ 
pound that is converted to an active drug by a metabolic information. (Silverman, 
Richard B. The Organic Chemistry of Drug Design, Acad. Press, >8^j8^«Sfc, 
numerous reasons why a prodrug strategy is used in drug design, Uia mpstxommon.of 
which are to overcome problems associated with the compound, such as solubility, 
absorption and distribution, site specificity, instability, prolonged release, toxicity, pppr 
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patient acceptability, and f nnulation. Literature is available for guidance with ut undue 
experimentation for determining how to get compounds in pharmaceutical compositions to 
a locus to permit them to act, and guidance for how to obtain an immunbsuppressive^ * - 
therapeutic effective amount at the locus of action (Harnden, Mjfc* gfe ^ 
32:1738-1743 (1989); I^e*Bakaar,~D.M^ et al, Antu^^ 

33 110-112 (1989); Baker, D.C., et al. J. Medicinal Chemistry 21: 121 8S1221 (1978); 
Hussain, M.A. et al., J. Pharmaceutical Sciences, 76:356^35^8/" 
Pharmaceutical Sciences 73:1068-1073 (1984)). 

The most common prodrug form for drugs containing alcohol or carboxylic 
acid functional groups is an ester. Using skills well known in the art, it is possible to alter 
the structure of the compound to improve its pharmacokinetic properties and, thereby, 
transform it into a useful drug for therapeutic administration to an animal or human. 
Accordingly, the rationale for medicinal activity (i.e. inducing iinmuno^pre^io^^g: 
claimed prodrugs of J(MA is that JO-4 itself, the natural product, is a potent 
immunosuppressive agent JO-4 is also a prodrug for JO-4A in the presence of «Ofe^ 
esterases in the i/i vivo setting, and, in the in vitro se^ifm^^mm^m 
added serum (which is most often the case). A preferred embod^mer^ of^e ..^r 
immunosuppressant agent is the metabolite KMA, whjchi?Jie^^^^^ e ? f , 
JO-4. JO-4 serves as an ester prodrug form for the deUvery of IQ#A;^^ 
over time after adrninistration of JO-4 to cells or animals. In similar feshion, manv o&er 
ester prodrugs of JO-4 A provide deUvery of JO-4A. Such prodrug fornmwijne^ds^ 
making them are well known in the art, as cited above. These prodrugs are known to yield 
the parent drugs of interest upon exposure to esterases commonly found in serum of 
animals and humans. It is understood that the prodrugs of JO-4A claimed herein yield JO- 
4 A and are as active or more active in terms of inducing immunosuppression than the 

natural product JO-4. 

The term "agonists" as used herein refers to substances that elicit the same 
response (Le. inducing immunosuppression in animals in need of such treatment) as the 




compounds indicated in formula IV. Aganisg of &e ISS^SS^^^.. 
but are not restricted t the prodrugs of KMA, which pro^ aw«S^ **>™** 
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Methods for determining or screening 
compounds, i.e. prodrugs and/or agonists f the claimed compel 

r . • Liu:*'- 




JL immunosuppression in aninrah. or <b, the, ability .o inhibif'growu, of concer rn* r<~* 



1HGUC6 lliuuuiiv^v*^^*^^ — 

anna*, or for ft* ability to inhibit .ho growft of .antiviruses or Herpe^irUae vrruses 
in animals in need of such treatment are well known m the art. 

The methods of the present invention are directed to inur.unosuppress.ve 
therapy using the compounds of formula IV, as well as the compounds of.formuia«^ 
i e hypoestoxide). In particular, the methods of the present invention involve 
administering to an animal in need of 

*e compounds of formulaslor IV. An v*^**^^-*^ 

Mmp oundsof fom ul^ 

to an animal. 

The method of the invention finds use in suppressing theirejecuon* 
Kaplan * in aninuus, as U.usunted by the effecfs of J(M or J(MA on oeHnlar immunity 
in the one-way and two-way MLR tests set forth below. Th«MtaWI#^^r 

or lymphocytes, and is therefore useful in the treatment of autoimmune diseases, and . 
suppressingfte rejection of fmnspiants, e.g. organ transplants, such as skin,-bone m^f 
kidney, Uver and hear, transplants. The effects of KM or KMA were ascertained m fhe 

tests described below. 

As indicated by Figures 1-8, compounds and the method o£the invention 

find use in treating autoimmune diseases in animals. It is understood that 
immunosuppressants for T-cells, such as cyclosporin A (Forsell, T et aU, J.. Urol, UK 
51591-3- Yocum, DJ5, et d. Rheum. Pis. Clin. North. Am., mJ:^,^ 
tacrolimus (Ketel, B.L., et al., Transplant. Proc, 1996, 2:899) suppresses inmiune 
reactions and result in inhibition or ameltoratipn of autoimmuoe^disi^- ~ M 
their products (cytokines) are known to be involved in the 




generation and production ofautoimmune reactions in vivo. - ( 

For all of the above-mentioned uses, the therapeutic effective amount or 
dosage will, of course, vary depending on the compound employe^ n^Qt, ;, u;^ 
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^^ationandtreatmeutdesired. Howev r, in general, satisfactory results would be 
obtained when administered orally at a daily dosage of ^^^^^^^^ , 
per kg animal body weight, conveniently given in divided ^ 
sustained release form. If adrninistered by injection, urgfieiaL 



SUSUlUicu i&jvwjw - v 

be obtained when administered at a daily dosage <J«^jig IJ p >w 
w animal body weight, conveniently given mdividedd.se» ;l ^ ^ajay or * , 
aLainedreleasetom. For me Urger mammals, me total daiiy dosage 
„„« of from about 5 to about 5 00 mg, and dosage forms suiubie for ora> admtmsfflti 

~**vnAc «afinrnYed or 



ranee of from about 3 to aooui j«« °- 

v . • j:i..„«e Methods are well known in the < 



comprise from about 5 mg to aooui duu m B -r— 

te detomiaing ^caUyeffecUveamonmaofu.ecompoumisofmemvenUon. 
S^memodsmvo.ve^ysisofu.pnarmaeeuUca^ 

^.^suppressive therapy for inducing immunosuppressron, to Wf«<«. 

15 rej ^onofnan^manm^«ro««tad i cnUo m (R^D^l«^«. 

Transpbntation Medicine, Vol. 1 : New n V W«u^8iy|^^^^^JP? J ,i|^ 
H Sollinger, Physicians and Scientists Pub. Co. , Glenview, IL, 1994), 

20 L— W-W mpumformoras.phanrmce^icsi.yaccep^b.ecr^con^m 
LciaUonwimaph.rmacemica.c.Herordi.uent. -—^^jh 

pmparedbyconvennonalrec^ 
25 ^r^tera. administration. SnibtMa pharmacunca. diluents or casern mciude, 

eart.ona.es, ca 1 c l umphospha te , k no 1 u,U l cand l ^seasweUas^P^ 
agents, such as ethy^hydsoxvhenzoate, suspending agema such as mem* -»--* 

. ,. ■ .i™^ wetting agents such as to^B*«ffi**SS*9^ 
ttagacanth and sodtum algtnate, wetting agen . i&MggSSj^ *ich as 

30 andpolyoxyemylenesorbitanmono^ ■- 

_,_ J: «tes «,rtii «s starch, gelatin and 



and oolyoxyethylene sorbitan monp-oieaxe, I^H^^^gggPs v ijfe 
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agents such as magnesium stearate, stearic acid and talc, in order to provide.au elegan* 
palatable pharmaceutical preparation. Compositions in tablet f rm may be coated by 
conventional techniques to delay disintegration of the tablet and absorption of the active 
ingredient in the gastrointestinal tract and thereby provide sustained action over a long 
5 period. Other compounds and methods known in the art for delaying disintegration or for 
timed-delayed or time-measured delivery of the ^.mff^a^^^^^, 
formulating the active ingredients for use in the methods ofthe»v«tio^r.^^& f , 
the compounds of formulas L JJ or IV may also be combined with liposome&r other 
delayed-release carrier means to protect the compounds fiuade^j£g^gpg$ 
10 their targets and/or facilitate movement of the compounds across tissue baniers. 

The preferred compositions from the standpoint of ease of administration 
are solid compositions, particularly solid-filled gelatin capsules,o^le|^. 

It is also to be understood that a further embodiment of the method of the 
invention involves combining one or more agents in a variety of protocols, including 
15 prophylaxis, with the method of the invention for administering to anim^jn needg^ 
immunosuppressive treatment pharmaceutical compositions comprising compounds of 
formulas I, II or IV. Combination protocols and methods for determining their efficacy, 
including therapeutic drug monitoring, are well known in the art (Lazarus. H.M. et al. 
Blood Reviews, 1995, 9:1 17-133; Aggarwal, B.B.. et al.. eds., 1995. Human Cytokines: 
20 Their role inDisease and Therapy, Blackwell Science. Inc., Cambridge, MA; Ambrus, JX. 
etal 1993, Surgery, Gynecology & Obstetrics, 176:588). Examples of,, 
i^unosuppressive agents or agents usei^ 

ccnbincd with admimsteringtbe c^^^pm^^^^^g^^^. 

invention include, but are not limited to corticosteroids, meftot^e, cyclosponn, 
25 rapamycin, FK506 CPrograT), ^thymocyte globulin, ^^^^^^ 

polyclonal antibody preparations, interleukin 1 antagonists, interleukin 2 antagomstsTTNT 

antagonists, immunotoxins, thalidomide, interferon, nitric oxide, mizoribine, 

deoxyspergualin, leflunomide, and anti-adhesion molecules. 

It will be further understood that the present invention includes a 
30 pl^ceutical composition^^ 

compounds of formulas L B or IV in association with one or more agents selected from the 



--a 






Oct 23 03 0G;20p 



E. Qjo-flmaize, Ph.D. 



626^914-1575 



p. 22 



WO 98746222 



PCT/US98/08013 



-20- 





group of immunosuppressive agents or agents usegu in ^IITOPlliWIMiWl '! WW ~ ' WW 

antithymocyte globulin, moMclonal iMftodypwpinllt^^ 
preparations, taterleuldn 1 ^tagornsts, iuterleukin 2 ^ionUts, TOF anagonists, •■ 
5 immunotoxins, thalidomide, interferon, nitric oxide, mizoribine, dewagiejpis^^^^ 
fefHmomide, and anti-adhesion molecules. Methods are well known in the art for ^. 
determining therapeutictd.y effective amount of the compounds of fomrulas I, U or IV, 
m d agents selected from the group of immunosuppressive agents or agents useful m 
immunosuppressive therapy in association with me compounds of formulas I H or IV m 
10 phannaceutica, compositions of me hwention «Uz»us, HM. e, a.. Blood Reviews, ,995, 
91 ,7-133- Aggttwa,, BJJ ., e, aL, eds, ,995, Hunran Cymkine* Their role in Drsease and 
^py, Blackwel, Science, Inc., Cambridge, MA; Ambms, I*. « * , 1993, Surgery, 
Gynecology*. Obstetrics, 176:588). **>i4i«aC 
l^teBCOL TiefoUow^^ology^^^f^^^ 
,5 me definitions se, out below in describing the present invention. 

Ahhough "tumor" simply means "swelling", %W^^A^. 
^ "neoplasm", which Idetally means "new growUr". A neoplasm ^- * ~ . 

appcamnce. Them are two types ofneoplasms or tumors, 
20 commonmrmfora..ma.igna„«tnmorsis"c»ncer». N^-I^^^ '' » 
encapsulated, m contia* cancerous mmors are amtos. never encapstdated hm mv^ 
adjacomtissoebymfatmtivedestructivegrowm. mvasWe growm ma, be foUowed by 

lymph atic and/or hemamgenous spread of the cancer cells. This process, catted 

od. Philadelphi* WB Saunders. ^J8^^^i||k 
^fcrmMbtag.hegmwmofcancet^^^ 

in metastisizcd cancer cells. 

llr.mnn-subjec.-is^ti.nreanhumar.asweUasomer^umms. 



tT » • 
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As used herein, the lemi u JO-4 M means a compound which is a bicycle . ^ 



icans a compound wlucn is a Dicyuc^^ : 
[9,3,1] pentadecane diterpene comp und, as described in Z. Naturfbrsc 37 c: 55 8-561 7 §^ : ^ V, 
(1982) and in Hctcrocyclcs 20:2125-2128 (1983), in which reference this comp und is 
named "hypoestoxidc." The chemical structure f JO-4 is illustrated in formula I. 




20 



It is understood that the compounds illustrated in formula IV include 
prodrugs of JO-4A. In terms of formula IV, JO-4A is derived from JO-4 when R is H. 
The structure of JO-4A is illustrated in formula II. 
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The term "prodrug," as used herein, refers 

compound that is «M^rt^-:»M^gf^^. 
Richard B. The Organic Chemistry of Drug Design, Acad^^^^^^ 
numerous reasons why a prodrug strategy is used in drug design/the most common:of ^ ^ . 
which are to overcome problems associated with the compound, such as solubU^^^^ 
absorption and distribution, site specificity, instability, prolonged release, toxicity, poor 



patient acceptability, and formulation. Literature is avaUabl^gujda|c^w^| 
experimentation for determining how to get compounds in pharmaceutical compositions to 
a locus to permit them to act, and guidance for how to obtain a therapeutically effective 
amount for inhibiting the growth of cancerous tumors at the locus of action (Bnmd^MJ., 
Wright, R.B., Luistro, L. et al., Enhanced Antitumor Efficacy in MiceJ^ CpnAniat^ ; ^ 
Treatment with InterleuJdn-la and Interferon-ot, I Immunother. , (1994) 15^33^41; 
Bezwoda, W.R., The Treatment of Disseminated M^^^^^^^^l 
Role of Interferons, Vinca Alkaloids, and Tamoxifen. r WTr^^ 

23:17-34; Wedge, SJL, Porteous, l^m^M^ ^^M^ 
Mn^°no<nCfi-l>w^^™^ Combination: An evalua™ 
Human Melanoma Xenograft Model, r wrt Fhapnaowl. (1997) 40: 266- 

272) 




He mo,, common pmdrug form for drags containing alcohol «gg£r ' 
acidfunctiona. groups is an ester. Using skUU wcU known in 0.e art, i. U posdblo^ a. te r 



the structum of the compound to improve its ptanacokipjfeHa^S. 
^fonnHtotoausefmdmgformerapeu^ 

isa^forJWAtotop^.fscnnn^u.totov^^.^P^ 
A p^ferred embodiment of me hypoesmxide compound for use to the method for 



alcohol derivative of KM. IMf***^^^^^,' 
4A, which is fonned over Ume a«er adnunia-rion of ^^^^^^ 
fashion, many other ester prodrugs,^ J(MA ' 



p^gsamtaownroyieldmeparetodn^oftotcrestu^ 
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common., found in serum of — and humans. H is understood ***** + 

growth of cancerous tumors. 

^term-agonists" as usedherein refers to 

response (La inhibiting the growth of cancerous tumors in subject^in^^wh^- 

treatment* as the compounds indicated in formula .IV. Agon^|^|»^^ 
treatment) as me corap ^^j^i^^^^T^^^^^^^ 
formula IV include, but are not restricted to the prodrugs ofTO^ 

illustrated in formula IV 



i • ^ rtmnniinHcj ' for their ability* tQ* , 
compounds i.e. prodrugs and/or agonists of the claimed cpmpo^^^ . 
uui«fw«* r «p^h of such treatmentare well <^ 

tahibit the growth of cancerous tumors m subjects .n need of such WOT. 

^urmcytochemicu! ofH— « Tumor CeU U~ or Use m ftpjj^ „ ™^Jfc 

The metood of*, present invention is direct* to antica»cer.or Mm. 

u . . hihilinl[ a,e nrowth of cancer cells, and thereby, when the growth of career 
therapy, mmbrUng the grown, otsm^us 
cells results in the development of one or more tumors, mnroitmg v „„„,„,„ 
l^mecompoundsoffbmruUIV.andmparucuiar, » 

IHJO-4A ichypoestmcide). to particular, the memod of *ft 



PS*:''? 5 ' 



2^- 



at least one hypoestoxide compound of fomu^ IV,^ 



at least one nypucbiu^ - - , : v/ , ^^^^?^»^^«^^ f : 

formula n (J04A). Ab cwhoJto^ 

ce„s ^, B ^^^^^" t -"* 
csncerous tumom in mice, . shown in Figores B - IS. Thus, the «** of the 

cm cu»us t «roor S .and,a,me,^dos^>ev*^^ 

cILus tumors, and is thereto* «*M in anti-rumor a, ***** % yangytf 
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cancer types indicated in Figure 9. The effects of ,CMA ^^^^^^ 
described below, as illustrated in Figures 9-13, stowing tlSjfegr 

... a A « 4-U A «^r»f 




>r dosage ^^^g^*'^^ 



effective for treating subjects in need of anticancer therapy. 

For the above-mentioned use, the therapeutic effective amount or dosaje ^ 
will of course, vtuy depending on the compound employed, mode tf administrating 
^ desired. However, in general, satisfactory results would be obtained when 
administered orally atadaily dosage offrom about 0.01 mg!Q <^uWP0| : »|^ 
^ body weight, conveniently given in divided doses 1 to 4 times a day or in sustamed 
releaseform. K administered by intravenous injection, in general, satisfactory results 

Mm l^re^ & nn. F orti.e^ermamma,. U ^g^^gg ^ 



the range of ftom about 1 to aboutlOOO wM^g^P^^. 
action comprise ftom about , mg to abou.1000 mg of tire compo^d -mnredor 




to association vrith a solid or tiquid *P«ff«M^^^ra>^ 
^tomeartforde^gd^rapeuticaUyeffbetive^oftite^mpomv 

tothemethodof *.inven U on.Suchm«hodsinvo 1 vea M lysisof«re 

, • *• „o« m ^rs in anti-cancer or antitumortb^y, 
^armaceuticaupharmaco^cp^me^. ^ .h^^ 

mhibitmgmegmvAofcanceroustumors(Wedge.SJt,t-orte 

Carcinoma. In: Raghaven, D., Scher, HJ., Leibel, S A., et al eds — - 

Bloom, HJ-, Medroxyprogesterone acetate (.rrovera; 
cancer, BU^Sflcex (1971) 25:25(^5) 

The method of the vm^^m^^^^^^m^ 
p^ceuncalcomposiuon^^ 

compounds of formula IV, and in particular the ^^^^^^^^ ^ 

foan orasapl 1 arrnaceun^ 
form or as p _ sitions c DV eniently contain less than 1% 

pnannac.uticdcamerordtluent Sueh^ ^ of thee m pounds of formulas IV or, in . 
by weight, and preferably about 02% by weight, of the cmpoun 
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particular, 11, and may be prepared by convent! nal techniques to be in conventionalf 
for example, capsules, tablets, suppositories, dispersible powders, syrups, elixirs, 
suspensions or solutions for enteral or parenteral administrati n.- ^itftb^pjpmac^gcal 
diluents or camera include, for example, water, alcohols, 

waxes, calcium and sodium carbonates, calcium T^9fM^,^^^^^^^^^ 
as suitable preserving agents, such gggfcgjj 



methyl cellulose, — ■^(^mm'Tt^^F^ 

polyoxyethylene stearate-and. pqlyogefcy^^^^^ 

Lmtegratlng agents such a. starch and alginic acid, ^^^^g^ 



and acacia and fobricattng agents such as magnesium 

t o provide an elegant and paWab.. pharmaceutical preparation. Ci- 
table, fonn may be coated by convendonal techniques ,0 deiay disintegratton of the t-g 
and absorption of «h. active ingredient in tire gasn.in.es.ina. tract and tt.et.by prov*^ 
alined action over a tang period. Ottrer compounds and methods known 
delaying disintegration or tor dmed-delayed or ^"••^^^^^^^^^^ 
ingredients also find use in formulating me active ingredient, # m 
invention. For example, me compounds of formulasIV or in parttcute H may akobe 




TV* 1 * 



invention, rur cAampv, ^ — 

combined witt, liposomes « other deiayed-mlease carrier means to protect*, compos 
ftom degradation until *ey^ to^^?t*^^^^^^ ; 
compounds across tissue barriers. „ _ 

Theprefep^^ 
are solid compositions, particularly soUdJfiUed gelatin cap 

Itisalsotobeund^top^|^aJ»S^^_ „ „ 
invention involves combining one ^ WStfBSSHHBW- 

prophylaxis. wHh the metttod of ttte invention for administering to subjee* in need of_ 
ueatinen. for inhibiting tire growth of cancerous tumors pbumacuutical compostu^ 
comprUmgcrnnponndsoffonnubs IVo,,mp^,IL ComWn-ionpr^^ 
mefoods for de.enniningtt.eir efficacy, including thempwtic drug momtoring, arev*« 
km,™ in the art EmnplesofantiH^agemsand^^i?"- fi ' l ' m *«™ nv 
inhibiting the growth of cancerous tumors which may be cw*RS 
compounds of formulas IV or in particular V in the method of, 
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are not limited to radiation, interferon-a, interleukin-1, -2, vinca alkal ids, tamoxifen, 
taxol, decarbazine, biological response modifiers, platinum compounds,~vinvlattoe>^ 
bleomycin, dexverapaimil, nifedioine, dipyridamole, carmustine, cisplatin. 

It will be further understood that the present invention includes a method 
for inhibiting the growth of cancerous tumors which comprises adrnin^tering to a subject 
in need of anticancer treatment pharmaceutical composition comprising a therapeutically 
effective amount of one or more compounds of formulas IV and/or H (JO-4A) in 
association with one or more agents selected from the group of anti^ca^eragents or 
agents useful in inhibiting or preventing growth of cancerous tumors consisting of 
radiation, interferon-a. interleukin-1, -2, vinca alkaloid?, ^^^g^^^^- 
biological response modifiers, platinum compounds; vrnvlatonerbleomycm, • 
dexverapaimil, nifedioine, dipyridamole, carmustine, cisplatin. Methods are well known, 
in the art for deterrnining therapeutically effective amounts of thexompounds o^opi 
IV or n and agents selected from the group of anti-cancer agents or agents useful in anti- 
cancer therapy in association with the compounds of formulas IV or II in pharmaceutical 
compositions in the method of the invention (William, SJX, ed, Current Problems in , 
Cancer. Vol. 21, No. 4, 1997; pp. 186-221; Bezwoda, W.R., Cancer Treatment Reviews, 

1997, Vol. 23: 17-34) ' . •• •• ■■ 

Antiviral . The following terminology will be used in accordance with the 

definitions set out below in describing the present invention. 

The term "inhibiting ^.growth Qf" is use&wjdv^ 
Herpetoviridae viruses that are pathological tohuman or p^r,ma^un^Fot : example, 
with respect to the lentivirus HIV, "inhibiting the growth of meansjnhibition of virus 
production as (feteraunedby deae^ 

growth of HTV results on reduction of virus load, which, in turn, aU?^^^ 

effects of HTV infection. It will be understood that as „ _. 

effectively reduces viral load for a DNA or RN A virus of interest, which in turn; alleviates 
thepath logicaleffectsofinfectionbythatDNAorRNA virus. 

The term "pathological effects" as used herein is illustrated by an .... 
understanding of the life cycle of the lentivirus HTV and its effects in a host It wj« be. 
understood that lentiviruses include HIV-1. HIV-2, and HTLV, and that the method of the 
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invention is directed for inciting the growth of HIV-1, HTV-2 or HTLV in subjects. The 
human immunodeficiency virus type 1 (HIV-1), a retrovirus, is a single^ded RNA^ 
genome is packaged inside a protein core particle and sun^^^^^^^^T 




which is embedded the outer coat (envelope) protein, gp' M . ,^S^^^1 
5 lymphocytes sad monocytes begms t w^.adjo|I^iJ@|i""" 

surface. *l»tM*l»vim^rt«.^W^ ,MK ;, 
genome is reveese-transcribed ban a donble-stmnded DNA g^ggh^^ 
reverse transcript (RT). Integration into me host DNA is followed by transcnpuon and 
,„ Nation QfHlV-lgenes(A rchTntem.Med„ 1997, 157:951-959). 

Pathological/cyfopatnic efiecu of HIV consist in part, of cell toon Y^, 
fomtation of synciti. and subsequent ce.1 dead, (Belshe, ILB., ed., J S ^MSmm 
Virology, 2nd ed., 1W l,,resul.in8mdevelopmen.ofinnnunodeficienoy. AIDS (acquued 
taununodefici^cy syndrome) presfages include lymphadeuopadty syndrome fmd 
15 .ppearance of constitutional sy^ 

L^pb^opauty syndrome is defined as eutargement of .y^nod^ 
^blecauseotirern^nfflV infection. Opportunistic infections Pdmpnae dtseases 
wnh mostly ubiquitous pamsi.es which are harmless in f^^0Sj^gA 

acquire pathogenicity only in me urease ofxmm^^^^^^f 
2Q HTV-mfectedpati^showsnemo.ogiechanges.^ta^note^^PP^ 

infections or tumors. Dennatologic rrnmifestatious are freqWaS^ 

is an early clinical sign. 

Tlre family Herpeuniridae baa several members which are widely 

25 vin rs(EBV),ey K n MB ah,vn^(CMV),andvanceua.^rvi ra s. It will be understood 

inc.udingHSV-1 or -2, EBV, CMV and varicella-zoster. HSV.typesl ^.J^*^^**" 
ta ve*iga«edmgrea,demi>a.,h.mo.e^^ 

and high yields in tissue enlfute (Belshe, R.B.. ed.. T^bpolr of Unman Vnology. 2^ ed.. 
30 1991). tomlatio«toHSV.theteim'inoitin6ti»8«'^«^f^^^^ 
Miction cycle, diminishing high yield or production of vuus. Replicanon cycle 
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involves: attachment, penetrati n, uncqating, early transcripUoj; DN 




Cultured cells 

li^'i'i iriTV?"iT'li' ** 



transcription, and vims assembly. Pathological affects result fjore r-^_ 
cells are infected. HSV infection alters cell organization at two levels, namely, changes in 
intracellular structures as well as in cell interactions. Cell protein and DNA synthiffi'are 
inhibited by vital protein(s). Chromosomes fragment during infection and remnants 
relocate to the toner surface of the nuclear membrane, thereby clearing the center of the 
nucleus for viral replication. At a different level, interactions berweyn cells are altered as ; a 
result of HSV infections in a manner influenced by vtral stiain or «ll Weor boti^nus ts 

shown by vaying degrees of >V*^3g&gS£&fr 
infected with variants of HSV oftafexhibit altered ceU^eB^ogr - 
clumping of syncytia formation. ■ JgaSgfei 

Padrologkal effeds of HSV W e 1 result in Herpes stmplexencephahti* 
(HSE) which is a life-fcreafening condition witir high mortality and significant morbtthty 
Lira. ~~>^-^^'~^?~*£ 

HSV2res U hingeniUlulc«rarion i ndevelopedcountiies. Herpes vnuses. whtch are 
endemic in all human populations, include herpes simplex virus. variceUa-zoster W ~ 
EBV CMV, and human Herpes viruses-6, 7, and 8. 

As used herein, the term "alleviate" means to lessen or reduce or make 

morebearable. V, irfl aTSiner atntnitls.'' 

The term "subject" is taken to mean humans as well as o|her anunac 

wh ich are ,o o«rcome problems associated witir me compound, such as 

■ .. . -j • 





a 
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limited to HTV r HSV, respectively, at the Jocus of action <^m&§ r, 
D.R., Human Immunodeficiency Vinis.^t«Itotca8c4i^^^^|^^|^|gg 
1997 157:95 1-959); Klagstaff, A J. ? ^Uos^,\Goa^^ 
Antiviral Activity, Phannacokmeuc*^ 

1)153-205; Hayashi, K., e, al., Characterization of Antiviral AcUv^f 



<nm-153-205- Hayashi. K., ct. al., Characterization ot Anuvu..^^ 

470)153 2 ' \ j y^tirnicrobCherjQOjrtlcr^ 1 996i^3 r |^?5^^?) ; ^' r iS^^^^^^^^ 

Sesquiterpene, tnptofordm, LM * mint* n - CMbo xy.ic,,~> - 
The most common prodrug form for drugs contaunng al 
TTcino skills well known.uvtte£&"^ 

„« arucure of to compound to unprove * pbarm ^ ^ J£M 

w(ro setdng if *e cutture medium conUrns added ^ 
A prefer embodiment of me hypoestoxide compound for . m* 

^ofH.^HSVm^-^ .. • 




growth of HIV or HSV in subject . tne mew-- -~ . ^Q^^oh 

LivativeofJO-4. K^sasan «, M 4* ^^^^^i 
ufomed overtime .iter admrnisb^^^ 



.♦K ft ffflV or HSV in subjeptem i^AQf ^.tresWt; 
^^oompoundsmmoa^mfonuuUJ. Ag 

include, but are not restricted to the prodrugs of I&4A, TSS^gg^ggg-J 



fonnUU,IV - Memodsfbrde^rmmm 
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inhibit the growth of HIV or HSV in subjects in need ofsKh'&j^™^^™'™' 
the art. 

(Belshe, VLB., ed., T«irthnok of H uman Virology. 2nd ed., 1991V 

The method of the present invention is directed to _antiyjral torap^ jj^ 
inhibiting the growth of lentiviruses or Herpetoviridae viruses in ^^* gt ^ 



compounds of formula IV, and ia g^^^^^^ „ 
method of the present invention involves aaniinistering to 






treatment atherapeuticaUy effective ampuntofag,^ 
formulas IV. Preferred hypoestoxides-fot uwiilhe metoflS 
4 A (fonnul. n). Another aspect of te method involves treating a subjeet to .ulevw^^^^; 
„amological eflccts of Ihe gmwth of lentivkuses or Hup****** virusea, !?*agEw^#fc« 
Sv Pathological effecla of HIV and HSV are well ^ 

orHSV.respecu y, . ^ owell ^eratoed that inhibiting the 

known in lie art, and are desonbed herein. It ra also weu 
■rowdr of HIV ot HSV in a subject alleviates the pathology assoorated w«h mm- 

Virology, 2nd ecu, -\.-. , >^,;i a c 
Anenrbodin^ofttem^inwlvoaass^n^^'f^ 

Aa detailed in the Examples below, a *' llllIU \^^5^^^i^.^^^^^^._ ^ 
inhibiting effef;t L QfJCMiA^Hp Y 4#|M^ 



fifths. ^w^wWfsiSijss^-* -^*.^f? ^fws^j^'w'^r >^ : :^ : ^**#*u 
Formeabove-mentionedusemsubjectsin^tedwr^ 

. uiv or H«rv respectively, the therapeutic effective 
Herpetoviridae viruses, for example, HIV or HSV, respective^, 




■—«•'— — ™~- ■ • owCTer ^^saOsh^ryreanlta -oipi 
administration and treatment desired. However, urge , .^n'oOl 

.b^when^mh^^y-^^-^^^S 

.LsadayorinsusUiBedreleasefonr. ttadmm^ered by injection, mge^ra,, 

,. Mh.obtainedwhena^mirustemia.adaUydosagcofftomabout 
satisftctory results would be obtained wnen aonm .t^- , 
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.boutSOmgt about 2(K) mff per kg ^ym^^^liffi^B.^,^ 
«l, y „, in sustained releaae form. For the larger inaiiiinal ? ,_d^g||| 

inthe mngeof flom^nt ^^gSBBS^gST^' 
or in Md* witfe a aolid or liquid ph»n»**uucal c«ner or dduent. W» ^ M^i , qg^fttfn 
Lwomtheartfordetennudngm.^^^^ 

inftenteth.doffteinvenuon.Suchmedtodslnvo.v.^.ysiaofAe 

pnannaceuUcaUpharn^^icparameUtain — 
^wmoflennvuuaeaor//^^ 

HSV in subjects (Bion, G3., Acyolovir. Discover, ^f^S^S^lP^ 

47(1): 153-205). 

*. memod of me present invention inchtdea 

phannaeeuncatcomp^Woo comprising an^^^ 

ompoundsoffotmuUIV. ^-I^"^'"*?^^. ^ 

or diluent fot HV or HSVAtaf^on^CHl;feSW^^i^^^^^^ 

weight, of the compounds of formula I and ma, be prepared by com,em.o^te» 
IS » ««— forms, for example, oapsu.es, tab,.*, suppositories, Aspetsdte^ 

, Luos elixns suspenaiona or sohnions for enteral or parenten.1 »dmuns«»on. 
powder syrups, ehxua, suspena nkmral 
Suitable phannaceutieal diluents or earners tnclude, for example, water, 
Ldl oDs and waxes, caioium and sodium catbonaes, e^dumpbo^ ^. 

suspending agents sueb aa memy. cotttdose, tmgacanm and m*m*g& 

oleate, granulating and disintegrating agents arch. 

^ aa starch, gdarin and acacia and .ubricaung agents ***** » 

preparation. C<w ^ ^»«*w«> « ^ * J ^^<***«fe%g^ , ^ ^ P ' W^^MB BB w W^PW^wg,^^^^^ r 
Laydiamtegmtmnof^mbletandabsorpdonofutaaeuvemg^atm^ 



...... .1 
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gastrointestinal tract and thereby provide sustained ^^^^i^^^^^g^^ 
compounds and methods known in the art for delaying disintegration or for timed-delayed 
or time-measured delivery of the active ingredients also find use in formulating the active ^ 
ingredients for use in the methods of the invention. For e^^^^^ # ,...^ 
formula IV may also be combined with liposomes or omena^e^e^ercarne^ans 



— • , • < j^^s^^m^^w^^ 

formula IV may also be combined with liposomes or othendel^^P^a^ 
to protect the compounds from degradation until ^^^^^^^^^M 



- - • ■ .r ^'V*-* -*>-^ iT'-V/S^^fc^; 

movement of the WWSBfe^^MP?.-. . • ^wmw^j,, 

The preferred composMok from the sUBdpomt.x>fiea»«>fi«ta>tni?l 

^soUdeomposidons.particularbrsoUd-fUledBel.Umea^ ortablets. ' 

„ is also to be understood that a tether embodiment of the method of the 
mveoaonmvo.vescombinh.gone or more agents in . variety of protocols, inc,„<Bn g 
pmphyla^ifcthemahodo^ 

tmarmen, for inhibiting the growth of ienUvimses or HerpetovHdoe virnses or &r 
deviating the padrologicol effectt of the growm of those viruses in 
oto m»ceutical compositions comprising compounds 

locois and methods fb, determining fteir^cacy, melmimgth^apeuUcdrug 



protocols ano memo— »• " .,. ^ g£HiM13B Virnloev. 

monitoring, are well known m the art CBelshe, TLB., ed., ^E=IH355fe 
2nded., 1991). E^pteoftrnttvimi^^ote-g*^^^- 

adbtogAegmv^ofHIVorHSVwMchn^ybeco^l^^^ 
inniDiuug uic ams^;s^k«^ united to 

^ .. .:• =.,„-;>iiiv,,Kine -avaaewWi^ww**^!!! 



Zcir^r^-^^ 

cidofcvi, (HPMPC). .obncavir, ISIS-2922, — »* 

• wt^v interferou-a/fS, aridothymidtae (ACT, Retrovir, 
ndfinavir (protease inhibitors), interfeou y j^gjgsg 

ZidovuduK).did.o*ycytidin=(DDC).^^ 
p.pddeT.aoiuble recombinant OMr^, Methods am weU known mnrear,^ ^ 

, g e»a select too *e W of an*- vim. agents * " 

Iciarionwimdiecomponndsofform^rv in pha^ca! compost^ * the 

method of the invention. 
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The following materisilsan^ metb63swe$^ 
Examples set out below. 




30 



TTvrMTTNOSUPT>RESSION 

M *— » Heparins blood (30 cc) was obtained by vempono^ from voluMce*. ■ 
L ^ of diffcren. backbonds « ^ 

leukocyte culture (MLC). 





Co.ture medium: KPMM«0 medium (Fisher Scientific Co., S^CtaiCA) wi" 

tZo w*h 20% heat-inactivafcd human AB senim and M ponioiUin/sn^oenyon, 
supplemented witn m : ^^^^^m^^^^ : ' 

mixture. ,>.vc,v.|^4 . 

Isolation of monoaudcarleukocyt^^on^e^ 

blood by layering appropnmc cells were washed three; 

ficoll-hypaque gradient followed by centntugabon. The recovere 

andviabihtywasdetermmed^ 
tunes m culture medium, medium . ^ ^ ^ 

method. Cell concentration was adjusted to 2 x 10 /ml in P 




Mi^,^ reaction W ^ fc.,..**.^— -«** 

The MLR is an assay <~*^^ ^ fc ^ ^ 0 f T-cell recognition of 
v^hn.nunosuppreasantae.v.ty. 1*UI*« — 

.,~n.^ iM ed araf. rciccuon(Abbas. AX., et aL, eds, 199 

out by T cells that recognize MHC molecules an editl^telaB«^S^*^^ 
studied in vivo, but m -depm analysis,^ 
tests such as the MLR as 

inland PubUsbini 



tests such as the MLR as *** 

^Paul ^obiology,^ 
Travers, Paul, immun ^turing mononuclear leukocytes 

well known in the art that the MLR is mauceaoy • Auukrt i -Tr*-~ r &&B8Z 

Loneh.dividua.^n, nn.nc.ear fcuaocyte* derived ^ft^fc^rfjfc^*". 



-.1. :^ v p " - t,,ft *SBSW9Sr 
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there are differences in the alleles f the MHC genes between the two u^yidu^jJ; 




pcr/ys?8iQ8oi3, 



proportion of the mononuclear ceU^wi| 
referred to as allogeneic MLR. The ieyeLqf pro^eratiyi 




incorporation of 3 H-thymidine into DNA during cell replication, Because the celhfrom 
each donor react and proliferate againsfcthe otherHheresi 
"two-way MLR". JO-4 was tested in me MLR forfts abiUtyj*f 




"Two-way MLR" set up in microtiter plates 

Mononuclear cells (at 2 x lO'/ml) of each donor were first mixed thoroughly together uva 
50 ml tube at a 1:1 ratio with volume. The mixture was dispensed into wells agjggg 
U-bottom microtiter plate in volumes of 100 ul per weU. Compounds or suspected 
immunosuppressive agents were added in culture medium in volumes of 100 ul per well at 
varying concentrations of 1.0, 0.5, or 0.25 ug/ml uM, respectively, .100 uLofcu^^ 
medium was added to control wells without drug. Cultures ^ jjg^g^gj^ls 
incubator at 37°C in an atmosphere rf5%C^^day^A^ 4 haufs.betore imx^hM, 

cultures in each well were P^^iftS^^^^^^ . 
mCi/mg; Dupont, Wilmington, DE). Cells were^arvwted^^g^s^^fiteew 

(Packard, Downers ^^^^^if^ ^ 
Hamden, CT) and were counted directly aa a : MatnjB96pp^ 
results are shown in Figure 1. 

Data were expressed as percent inhibition (% Inhibitipn) f$ 

formula: 




% Inhibition = 



100) 



100- (Cgunts per mip "t* {CVMS for wells with drug x 
CPM for wells without drug 





of MHC-restricted Cytolytic CD8 + T-lymphocytes in "O^ay^a" 



Generation i 
MLR" Cultures 

The "one-way MLR" was set up in tissue ^^^^£Sr0Si 
cells from two different donors as.jn#^^y|g^g^^^^^|^^^^ 
"one-way MLR", one f the two mononuclear . 
incapable of proUferation by treatment with mitomycinj2|s 
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culture. In this "one-way MLR", the treated cells served exclustvely . as stimulat rs^ _ 
untreated cells, still capable of proliferation, served as the regESSto. ^* WP ° ,M ^^^^^ 
cells, during a 5-7 day culture period, expressed the CD8+ phenotype but.not the f — 
These CD8+ cells served exclusively as cytolytic T lymphocvtes.^TU^whJch^ 
ceUs from the same individual as the original stimulator cell population. In 
transplantation, these MHC-restricted cytotoxic CD8+ T«ells lyse.MJ& " 




tissue targets, leading to graft rejection (Abbas, AJL, eds., 19?4,^J^ 



Molecular Immunology, W.B. Saunders Co., USA; Imagawa, ^*ff**£ 
B3 etal., eds., 1995, Hunm Cytolpn^^b^l^l^l — « 
Science, Inc., Cambridge, MA). T*e results areshown^^ 

-One-way" MLR Set up in fI^«^^ Si ^S^S'^^^^ 



Mononuclear cells of one donor were first treated^*^^ 

^ r ^ t t ouisMOUSOug/SOxlO 6 cells) m. 15 mL 
(Sigma Chem. Co., St. Louis, ^u a *i nn ~r^W^^^m^ 

fca and incubafcd in . JTC w*« bath to 1 nr. Attn. *4**^&£tjgfc 
aluminum ton ano kw> d ..-.v^.Ssw"* 

were washed 3 times with tissue culture medium and adjusted to 2 x 10 taL ana 

stimulators. Mononuclear eells torn another donor whieh 

mitomyiomCad^edtolx lO'/mLandu^.tes^. Respandets and stimuhtots 

jj^2^diuoned mematatise as targets at tta<^ 
Mice were treated ! 

va.ymgperiodsoftime. Attteendt^K^ISS^S^^ 
for^plenic NK activity against YAC-1 tumor cells, a mouse NIC-susceptible cell lute (QJ 0- ...^gjg^ 
Anuuze, E. etal., Scand. I. Immunol. (1978) 7.297 3UOj. * • >:.S«^ 
use* a, desotod to me ex vivo mouse CIL assay. Resuhs were expfe^ mHUgg&r -iSgSf 
and as % inhibition (Qjo-Amaize, E. e, al. (1994) Clin. -W^gj^ 




18(Suppl l):S157-9). 
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• ,36~ ,v 

CTL Assay 

At the end.^.c^J»*. f ^^^ 
(*'Cr) and adjusted to 0:5 ^10?/iiiI^W^^(^^ 
washed twice in medium and live cells were adjusted to : 

m icrotiter plates and incubated for 4 hr. In a 37« C/5»/o OQMWHPf^ 
reroute, , 

i.cubahon.lysisoftargetcdlswas ^ ^15?^ .V^,^ 

release assay (Ojo-Amaize, E.A., et al., 1994, Un». ^ 
results expressed as % specific lysis. 

Inhibitory Effect of JO-4 on the mauc were . C ultured with Jfc :^ 

Human peripheral blood mononuclear cells ^ ^ | o^W, 

ceU mitogen LPS (Gibco BRL, 0^1^^^"^ 
volumes in 24-well plates in the presence of either 




volumes in 24-v.ell plates in uk " 3i^d*S» end of 

i^auonperiodandwereassayeafe^ 



production. The results are shown in Figure 3. 




inhibitory Effect of JO-4A on human MLR 

Two-way MLR was setup in the absence or; ? ^ - 

~ rrruon LPS4nduced murine lymphocyte proBferanon iii i*» 

inflammatory cytokines such as TNF-a, IL* ana ; j^^ggW^^^g^ 
mononuclear cells (Curmmgham,.AJ^V^ 



mononuclear cells (Curmmgham,.^^ 
Press,lnc.,NewYork,USA). Murme lymphocytes^es 



30 



the absence or presence ^varyjng^m^! 
ug/mL). The results are shown in Figure 5. 



-••:<a**t%w 
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inhibit Effec, rf *M PHA-i-dueed pn^rat, . ^^l ; ^ 

mononuclear cells in vitro • • v '»M^^^^^^^HHBH[ 

Human PBMCs were cultured for 4 days in the absence or presence of^ 

varying concentrations ofKM (1-25, 2.5, 5.0, 10.0 and 50.0 ug/mL). The results are 
rJinH^ 

Lack of Toxicity of JO-4 on human PBMC 



25 . 



30 



r . - f „ii^ Atthcend-of-eachanc 



PBMCs were cultured in the absence or pre*"- ' "... t .^... - ;.: 

2.5, and 5 ug/mL) for dirlerem oay ^..^^ - 

period, viabilityof^ '^'.ZjL 
are shown in figure 7. • - <«*^> ~* 

<^Ifc^<^»'* , *"-' ,,,r0rW ^ 

temperature. Fresh sodimnm^oxidepo^twadd^^p^^p^ ^ 
stirredatroomternperarureov^ 



^^^^UO^S. » ofE.JXorey and G:Sch«idt,^;-^^^g 
T . , ™,„t ,„ 0°C and 1.5 molar equivalents of pyndu 



an off-white solid (30 mg, 60%). 
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Esters LfiOQdL As sh wn in f rmula IV, throng 

,0:2*2502123(1933) -«*-«5^^ 
however, that the method of the i™^^^^ 



Accordinely, one aspect of the invention j^SffiS 



COOT 



rounds .< 



formula IV 



IV 





_ if", . - 



in which 
Ris 




R iS u * mc substituted or unsubstituted, straight chain or 

branch«l,0to6<loublct)<mds,(CH 1 Wilorpno " 
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(CH 1 COOR, where n-WandR,is previously defined, (CB»l!«*^» 
nd W where N=l-4. and ph—ical,,, accept «*-^J^ 
^ of ft. invention are pharmaceutic- o mpositions c«npnsmg ..herapeuacaUv 
effootiveirnmuno^nress^^oon.ofti^eon^ondaoffomnu.IV: 

Tte methods of *e invention for inducing ^^^^^^^^ 
^ whieh comprise administering torn**** ■^..^fflB^SWp.C' J#T. 

conrpounds of fonnulaW, a*]**^?^ " "™ 



Isolation ofJO-4 from Hypoestes ros&, .• ^to-s 

Thegeneralprocedureforiso^^^^^ 

, ♦ ^rial involved solidTUquid extraction using boiling hexanes ; .iaa 
^ oe ^ -ea plant matenal mvolved q Acantheceae . (Okugun,. 

large Soxhlet apparatus, ^poes^ rosea is a shrub of the iy 

Tt t . 7 Nat urforsch37c:558-561 (1982)) The cnide,«c^^teu^^^^ 

^column. Theappropnafctra _ Ooe s »ch procedure 

poroleum ether or hexanes v^ added fo obttm crystal!* Jf . 

„, ft.-, in -crude extract fromUS^**-***®^.^^ 
provided240mgpuraJCMfioml0gomne xuw w ^ lved to a nfininram of 

Important notes: The crude extract was ^^ 6^^^^^^^^^^ 
elhy l achate and absorbedpnm si^^dwprate^^^^^g., 
onfothecolumn,p«pocl^mp^lepm=<l«'- ^^.^P^^ft^ 
immature le ^^m.sWC^u^«»^teW^^^p 

opposed to the stems. 




*"* . ^^^««compo»ndsoffo^TV^»^, 
, fineness as immunosupprassive and anti-infhmunatory agents as shown 
unexpected effectless as tram PP s ^„^ 0 ^>^«s& ; .,.. 
bvtheir effects on cellular immunity as tndtcateo nt sua ..^^ - 




v.* f t-^ftf" • 
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The compounds of formula IV and H, in particular j<>4A and JO^as 
demonstrated herein, immunosuppress formation of, or prdiferation i px.f\mcfemi£ 
immunocytes or lymphocytes, and are therefore useful in suppressingitharejecti" 
transplanted tissues, e.g. organ transplants such as skin, bone mai^w^dne^ 
lung; and useful in preventing graft-versus-host disease (GVHD) and T-celMnediated 
autoimmune diseases such as multiple sclerosis (MS), autpuimi W e^y^idjtis, ^ 
autoimmune myocarditis, systemic lupus erythematosus (SLD), rheumatoid arthritis (RA), 
Alzheimer's disease (AD), diabetes and glomerulonephritis. ... .r **.v - 

Because the compounds of the invention suppressed the synthesis of pro- 
inflammatory cytokines (IL-lp, TNF-a, IL-6), the con, P° u j^^?,^2^^^^^^^ ' 
allergic reactions, asthma, contact d«n^^i«nd^i^J«*^.. 

The immunosuppressant effects of me^mpou^ : o|^,m^ 
determined inthe tests described above, the results of ^a^g^^^^^ 
found that the mummosuppressant medicinal activity ^^^cmm^fi^ 
vit ro and mouse in vivo tests formed the basis for the inventors' conclusions that the, . 



claimed compounds and the pharmaceutical compositions comprising them h|e^| 



efficacy in the inhibition of the immune system in an animal or hummhost,^^^^' :J^0i^i 



Figure 1 is representative of results torn several experiments using 
different pairs of donors for eaeh experiment The results demonstrated mat KM 
Mdbited to two-way MLR. It was eoneluded that the inhibitory concentrauon . , 
I e to dntg concentration capable of inducing • 50* inhibit!™, was 

Figure 2 shows the inhibitory effect of JO-4 on MH£ class I.restncted ^ 
cytotoxic T lymphocyte-mediated lysis of MHC^isparate ^^^^^ S ^^ 
rejection reactions, Uisl*OW*#U^^ 

disparate donor tissue, leading to graft rejection ^^^^^^^^^ ^ 
Immunology, 1994, WJ. Saunders Co., USA; Inugawa»,*taA.M : A£8^- 
al; eds. Human cytokines: Their Role in Disease and Therapy, 1^^^™^^ 
Cambridge, MA, 1995). In this experiment, it was demonstrated that JO-4 



(82%) inhibited the lytic capabiUty of such cytotoxic T-ceUs j 
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human MLR" cultures, a finding which revealed the claimed compounds' 
hnmunosuppressant activity in vitro and expectant in vivo efficacy in the inhibition of the 

immune system in an animal or. human host. ^ _ .^ ^fr* * ^ 

Figure 3 is representative of results from three experiments which 

aemonstratecme^^ 
cytokine synthesis j (IL^, .IffX^^^^.^^^^ 



Immune activationrtheroiejoCpro^ 

responses and pathological pain states) — mhwum tw( ^^-;^ i . . r 

Figure 4 shows the inhibitory effect ot JU-*a, on uui „^^ *«»«»»*» 

u^mftuM At 10.0 uM, IO^As-!"-*^^ 1 

</ioa inhibition of two-way MLR. .., ^„ : 




■■ ■ -.^3iL-i]-^-'fhr : 





tadu ced 64% inhibition «M ^ proliferation 
Firor* 5 shows rhe inhibitory erlecr or 

of munne lymphocytes mvr Because LPS is a potent murine B 

production, of auto-an^b^£ ^ 

• ^hmmatosm^bWnatMd-atm^ 
^stenuc lupus eiyu^matosus,meu.M» . _ , , . ,^ 

Figure 6 shows^lu^itojy. . 

i^m^WocvtesJii vitro. PHA activation of Ivmptej^^- mm 
of human lymphocytes ». r ^ ^^^ of explanation ^ 

^.huuhu^epto^ ^235££s« 

Figure 8 shows that JO-4A inhibited NK> activity ^^^^^^ 
«. useful in suppressing graft-vemus host disease by -n-"?"" - Z& 
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, ^ vereu! ,ho,« disease. Acoordmg.y, u« compounds of ,h« mv^^ 

,he compound U sofficieot to suppress NK coll iuncuon ^itoutoe- . , 

*ffl in theartrodeumnne 0 ^^.^.^^jfe^a«^^> 
compounds to donors in order to rniti^ ^ ^g^^P^^^» 

recipient. 
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^^^efcUo^rn^^ 

Examples set out below. , 

- mfl meLa) human renal clear cell 

o.eUnome(B.6. F1 )^P^^ C J .^^^^i* 
^^meditunCMedUtec^e.,^ ^ ^^^^.^ 

^coveted fetal bovine serum (Amencan Qualex, S ^ ^ ^ 
1 OOU/mlp«mcillm,»dl W ^ndst I cp«.mycm(S,gn»Chem. • 



(complete medium). 

marnmaiy eptthehal colls (HMt^sn ^ .S^.vnM^e^fivei 

(HUVEQ were obuined ftom Conetics <San D-^)«- , 

Peripheral Blood M 
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omplete me&um> Cell 



HBSS (Hanks Balanced Salt Solution) and finally rcsus^d^ 
viability was assessed by trypan blue dye exclusion test and the cell number was adjusted 



ft. 



to required concentration. 



gg£ ■ v 

1 »nnl Methods. 65: 55-63, 1983 J. Bneny, i«w _ . v ,-~ 

flagon, P.- were d-r ^ - — -*» — ^""^ -jfeK, 4 

.^onsofd^.c.m,,*^^ 

2 5 -aip»e„y„e,razo«,un .nomide (MTT) (Sigma Chemioah. Satnt Lou*. MO) u, PBS was 
J.JL and the incubation was resumed for an additional 4 hours. Actd- 

W OO «. of 0 04 N HC1 in isopropano.) was added «o d wells and kept a, room 

temperature for 30 nnmues. M«tng ^SrSKSSST 
cyaals and the absorbance was measured at 54S-650 nm mmg an 

... . rc-mut (B6) mice were purchaaedifiom Charles River 
Mice: .-^-^-rtBnWW-* ., , j^^jp ; r , 

Laboratories (Wilmington, MA. J . 

T b emeas«r,me»..r«.-orv. 1 umrimice : Bio:Frme^ 
exponemiany in v*ro worn ha-vested by ,5 nntn.es incubatonwtm «5 
^LonarvinSciennfio.Uvine.CA). Ih.— *^S~gSJ5 
ofSO.OOOvuAlecellso.terightaide m tllrr rT kSSSSSSHSm ■ 

Lous— onsof^AmO.amiofw^andd.econ.oign.upreee.vedwater 
Ze The rumors we« measured wim a microcaUper, and «,e mmor vobome was ^ 

Statistical analysis: Students t-test was usea iu -4-^ , 



■ ■ ■ — .?tr 
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Accordingly, the method of thein\ 



•7- :*.«Sf S ...*« 




subjects therapeutically effective amount of at least ^..^g^g^^^ft^- 
formula IV and pharmaceutically acceptable salts thereof. 

..y.W* ^.^VA ^^WM W ^ ^ 

Prrfened embodiments of the invention include phannaceutteal composttmns 
oozing .^penticnUye^ve^of too^^of^^^ 
mhibiting the growth cf^m^m^^f ^ g ^BS^ f^^^^ 

p^cula^nnuuW^A^ 

inhibiting the growth of cancerous tumors as shown oytnetreuec K^^fJ,^,.,..,: , 

eeU growth as indicated in sumdard in viw and ■» viw tests predictive of acompound ; J^g^ 
anti-tumor activity tn vivo in humans or other animals. 

TV compounds of formula IV, in particular tbnnula B (KMA)^ 

oc.nonara.edherein, inhibitthe grow*, to— <* ««#S^**W!SM* f 

c^^eem^^^-s^in.-^^;?!^^^ 
o^etnusn^otsmsubjecuinneedofanticanc^tteatment - _ 

Tta effect, ofthe compomtds of fonnumlV were <^«££L 
compounds in the in virro and mouse in vrvo tests fonwd U« .OJg^o 
human host 



v V AMPLE 1 

. gg^ of m .1 a sjB — 

Figure 9 is representative of results ^ff^S^^^^^m^. 
effects of JO-4A on vanous human cancer cells i„ vUrc. Hie results denionstrated that 
effectSOt . ~ t nn hiiman cervical epitheloid carcinoma -v*^:-- ■ 

JO-4A had a dose-dependent cytotoxic effect on human cervxcai eu 

K>-4Anaaa " concentration capable of «**.«;• 

(HeLa) cells. The inhibitory concentration so (IC*). i.e., Uicorug 
inducing 50% cytotoxicity, was between 10 /zM and 12.5 /xM. 
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Sh^larly^Auadanl^ 
rCAKI-1) cells and between 10^^$A^<m*^8^i^iSr ' " 

metastasizes to lymph node (WMI^l). ■ A ->--^^^^S^When * 
F i B ure 1 0 shows the cytotoxic effects of I0 ^«^^fe^^ 

nonn alh»n^e^ 
ep.theloidcammoma(^ 

" M dose for (between 10 /iM and 12.5 MM) had omy ^ r ^ W jg* lft 
>100 mM. The 1C 50 dose I ^ nocytoto^ffcct^^^.^ 

«. «nrmal counterpart. Furthermore, nuu u« / .jdkm**. 
effect on its normal coudiwf^ f to m a for normal 

• u . Hnnd mononuclear cells. IC, concentrator MiS^Smmm 
human penpheral blood mononucl endothelial cells 



30 



tamm peripheral blood mooonuctear ecu, - — 

n^ntmelanoma cells (B16-F1) KAb&SH&U. .,. 
effects of I04A on mouse mabBnant.ne.ano ^ ^ m ^ 

(tem „ I »».ed-na. J <MAhadadose^epende„«e y «oU.»ceffe 

oo.centra.ion was between 6.25 „M and 12.5 mM. 




Flgure 12 shows the « 4Adailjin B6mice6omda,4post 
mm mice Oral administtanonof JO-4A daily m 
C57BU6(B6)n»ce Oral »«taW«L iHfeW^a» 



F "^2, Whemas»Umemice(n = 6)in<heno„. 
^va. of B6 ndee in dte -•«-—■»» ™ ~ ^—^M^ 



survivalofBbrmce^^^^ 

tteattdgronpwetedeadbydayza.o ^ 
^ved. Furdtenno^67%(4/6)oftegro»p tt e^-'nl ^ 

,2B> - o^of survival rf«*^-^»^'^ :S 

Hgure 13 shows a comparison of survtv ^^^j-gK^JO^A ^ 

treated ^^J^£g^SSS^^HBP^ 
survived longer man the » 

on day 20. 
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TTY AMPLE 3 

r„ yjfrg F.ffect o« - "M A IB ^omhinntion with Interferon- ft ^ ^ 

Figure 14 ^**X^^*~*^^* K ^^ ~ 
produced anaddiuvegrpwti^^ 

reduced eigbt-fold^^^^^^ 

eo^stertaga sufficient amonnt of JCMAmpal. ^ 



30 




^ towing — and methods were empioyed in*. non-Umiung . 

blood was obtained from healfe.ad^vduxxteets ^S5^§35^^^eS^^ 
centrifugation ovexKcoU-Hy^ ? 



eentrifogadoo 

washed three times with HBSS (Hanjts ^^^^^^^^^^^^^^^^j^libflyiP^f 
scram^C^-nOe^^ 



^(Anterican^S^uanen.,^..^ — ^^^^CnU 

ixrsrr:^--"-^ 

to required concentration. v l j, &om the . ; f 

Nom a. Afncan ^ mooW kidne, ^ (CV-1VCV 1 

antivi«lSiis(XpdbilityTestkit(DiagnosOcHybn<ls,^ . 
n«Krivrfx« Probe Systems: Herpes Antiviral iuscepu 
Hybnw* ro . lmdcitv testing of K>4A by MTT assay. 

Inc .,Afl,en,,OH)w«reu S edfor,o^tyJ« . ^ 

^uc^ooUcuUnraassay^rtode— ^ a ^ c ^ w1993; : 
human HIV-1 isolates was utilized (JapourAJ et . ... *^ WA igSTS^^^i|^d? 



37:1095-1101). Peri] 
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with PHA (5 ug/ral) in complete culture mcdiuni ^°C^5%^ 



hU n*dinedmc»b^ibr™i %^MpP$T' 

400 g for 10 min at 20-24'C: Supernatam w« remov.3^^ 
upended in complete culture medium supplemented with 3% 1W Cell vtabiUty w*- 
de,ermmedwi,h0.4%.rypanblue. Viability was p-te 85%. Cell concerrnnnon - • 

^ initiated with a patient's KTV-1 UoUK (50 M - 

(MO0 of 0.05 and 0.. respecuve,y. 104A was added to weUs in 50 ^ — - 
CO mhumiuifie.chambetforTda^. Onday4,rudf ofthespe„tm«lmm(.00Ml)was 

.ncentmaons as above) - W^'^!^^-^t 
medi um was added to wells without drug. On day 7, the outturn WBtenn 

Jf um^4»mi«enWanerayr«umnunoassay(ElA)kit. 
supematams were tested for HV p24 antigen Dy an y Ij^iefc^^gjffi^ 
according to me recoinmeadau.ms of the numufi«u»er;<Ol»tt?r^^4S*^^ 

Assay: Immunotech, he, Weatbroolt, Maine). 

/„ v»r„Herp«si»tP'«virus(HSV)(Type 1 and 

either HSV-1 orHSV-2 Uolates (ATTC, Rockville, MD) were pre-adsorbed at 37 C and 

5 /otu,inanui viral inoculum was removed 

in a 24-well flat-bottom ptaK. Following pre-adsorptton, rte vrral .noa ^, 

andthe grown, medium cnrdairung various coupons of appropna* ^1>^ ^ 
virus. Quantification of t^HSy^KS^-m^kf 511 ^ 



vims, uuanuiiwauun u* ^ *^.^^v-'-^^^r, ' 
rhidizaflonmeUmd. ^cens^orvin.swer.r^wi^W 

andthe single-stranded DNA «« i-^«»«***^^2iffl^,-- 
capillary absorption ol^Mcfe^p^P^^^^^^^^M^^^^^^S^^^ 



fron^each well was determined using radioactive (l 1J5 )-HSV DNA probe containing 
^ncsecn^whicharehmnologous.HSV-. „rHSV-2 screes. Tnemn.un.of , £ 
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radioactivity present on the Hybriwix™ was dependent upon the amount fHSV DNA 
present after culture, and was determined in a gamma counter (Packard Instrument Co., 

Meriden,CT). . .^^^^^^^^"^^ 

Colorimetric-Mm v as»yi^»»«8S^ — « — — 

v«r 0 by . colorimetric assay (MaaMDD Pj^g^^^^^ S* 

Briefly iw»'«iBt'^^qiS^8SSM88^iiB8S8SW 

with the culture medium .lone or with various concentrations of drug 1 37'C in a 5% 
CCX-05% air humidified incubator for 72 hours. Attheendof.be culture, 10*1 of 5 

smrile soluuon rfM 4>»^»y^^^ 
(MTH (Sigma Chemicals, Sain. Louis, MO) in PBS was added per well and the 

HCl in isopropar,ol) waa added ,o ai. wens and Rep, a, room temped for 30 rnmufo • 
was measured at 545-650 run using an ELISA plate reader.. 




tovenrion ineluded KMA (formula H) -d KMX^^"^^ 

Accordingly, the method of the ii^^S^^W^^mm^^ 

Z2„ Jpharmaceuflcafly^epuh.esal.mereof. A prefened emho<hme„, of me 

mel hod otthe invention «d^ n ^»|CTj» *MWWd iaJ'K t l. i JUW I J II i lll ^ll'lli h 
Lp^caUy effoctive amount of me compound of formula fl (KMA) for mhrhtnng foe 

"JandHSV-Z 

rnrim^pharmaceudoa.eon^iUonseomprisms ^^^^ 

As shown in the Exmnplea below, foe compounds of formulas IV (KM) 
„, „ (KMA) we* found <o have unexposed effects as agents** ufoibifing the 

. . U ovi m HHSV2andofHIVandHSV-2.as S hovmbytherr 
growth of, respecrrvely.HSVl ^f^ ^^aa^jij 

effects onvM,S8KSfe^:S9*i^i^^^^®^^^^^W^^5?" 
^^vityfov^mhumans^-nn-t- — . 
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KP Uca n o».ndg ro wU,ofHSV- 1 an dHSV-2inA f nca„G^rMo 1 * e yk 1 d„«y«ns,f 
replicanon anu g ^ . „ QV , anti-HSV-2 activity m a 

• ~ l^nnwn in the art for predicting anti-na v i«r*«' ...•:•«^-^^^v?*1fs^f•-• 

subiect. and from which one of reasonable skill in the art wouw w ^SS^^v*W^> 
subject, ano nu . nfHSV i or HSV-2 in subjects in need of anti-viral 

method for inhibiting the growth ^ ^ _rxjc\/_i «r HSV-2 infection. 



method tor mniDimiB ^ & infection 



30 



►y alleviating tfte painoiog^ t,^,^ ^ . j^^y J gg ggBfc " ** 




The compouna oi wiinm» ~ v — . • w . . 

u ^ _ , tjcv o m African Green Monkey 

*k /xfHTV in human PBMCs and HSV-2 in Amcan 
replication and growth of HIV in human _ ^ anti-HSV-2 

^s,s^^ 

activity, respectively, in a subject, and from which ^ 

•*r JO-4A useful in a method foj^^^^SS^«^!^S^ 
in need of antnviral^&f 

, ,~ ., .oH KMA for iiuubiong the growth of HIV orHSV mW . 
^rtedbetowfooMaftebasistorin in vjv0 effica cy in the 

Example 1 

^ dte. of JO-4A -HW-t •r^S^S^*^ 

^^^^^^ 



JO-4A lias the dose dep^^ 

50%, was between 0.0001 *xM and 0.01 liM. terfJWA - 0DC rft»«HP«>«n*- 

• ■ « ♦-«* TO-4A has no toxic effect at any <w *» • • .-j^ 
PBMC by wan blue dye-exclusion teat JO-4A has 3g^&SS$£$S& 
^^.nsu^ed. Tteefore.O.einh.bUoryeffictonHIV 1^ ^ggl^ggg 

not due to cytotoxicity of JO-4 A on PBMCs. 



. of 
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Anti-Vjral Eff^^g^ 




10 




15 



Fouowme^oc^^ , ^ 

African green monkey kidney cells was inhibited by 6^0^^^§m^^k^T 
3.125 yuM. "Hius, the IC^ dose for JO-4 on HSV-1 inhibition was determined to be -3.125 

Figure 16B shows the antiviral effect of JO-4 on HSV-2 repUcation^After two >: 
days of culture with various concentrations of JO-4, HSV;2 replication in African ^grcen 
monkey kidney cells was inhibited by 65% with 12.5 and 58% with 3.125 /jM. The 

I Cso dose for JO-4 on HSV.l i*mm^ ym'^m^^^^^^l^m^0$ 
Figure 16C shows the antiviral effect of JCMA on HSV* repUc^Afler^ 
two days of culture with various concentrations of JO-4A, HSV-2 replication in African , 
green monkey kidney cells was inhibited by 6 1 % wim 12:5 ^M, Sl-Awim 3.125 mM and 
20% with 0.75 /iM. TheJC^dfi^l^^^y^ ^^^^ ^^ 

Sample 3 . • — ^ 

Figure 17A and 17B show the results of 
n onnd,uninfectedAmcangreenmonkeylddneycel^ 

c^eimermmepresenceorabsenceofv^ 

TZfc^cytotoxicityofg^^ 

the compounds (> 50 i*M for JO-4; and ~ 25 M ** m$k . 
effect of JO-4 and JOr4A on mm^^^^'^^^m^^^^^^^^ 

of the respective drugs against CV-1 cells. . 

, . , j ^laiTTiQ chould-not»beJinuted..to tne ... 

The spjrit «id.Kopc^toBBS«^ 

description of the prefi^v#%^i^^ 
adaptations, andmodifi^^ 
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Wf«ii is claimed is: 



formula 




1. A pharmaceutical composition e^^a^^lig^^^^g^ 
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RisH POT. alkyl of 1 to Hcarbonatoms substituted o^^^^^S^^ 

0 io 6 double bonds, (CH^morpholine who* ^f§§^^ 
orthoaminophenyl, orthohydroxyphenyl, (CH^COOR, where n =M ; 

whereR.isH.a.al^^^^^^^^^T 
where R, is independenUy selected from tt^^^S^tS <* 



COR, »he rei n R, is sc.cc.ed from d. group consisting of H, (CUA 
(CHJ.COOR, where n=M audit,* previously d«S^i^^ ,! - whr " 
30 and (CH^SO,- where N=l-4, 
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' 3. • **' Useoftheicompoimi^ 



for the preparation of an immunosuppressant. 



4. Use of theVomp^ 
for the preparation of a pharmaceutical composition for inhibiting gtoWtfi of cavils. ' ' 7/ 



5. The use of claim 4 wherein said cancerxeUs-are-S^iecte^froi^the „ 
group of cancer cells consisting of cervical carcinoma, metastatic melanoma, renal cell y|g 
carcinoma, testicular embryonal carcinoma, and colonic , 

6 Use of the compound having the f^j^g^SSgSiL 
for the preparation oAa^harraaceuticalxom 




lentiviruses or Herpeloviridae viruses. 

7. The use of claim 6 wherein said lentivirus is selected from the - - . 
group consisting of HIV-1, HTV-2, and HTLV. 




8. The use of claim 6 wherein said He^etpviri^e ^ ^^ 

■ „ «f hemes simolex virus, Epstein-Barr virus, cytomegalovirus, 
from the group consisting of herpes simplex viru>, ^ _ . ... , 

and varicella-zoster virus 

9. The compound having the formula (TV) as defined in claim 1 
wherein for said (CH, )„CH 3 n^-<&ipithe .other subs^en^|^^^^^ . 
previously descnbed. 

rt^tJSS}^SS^^k 

. .... j:-:;&3l. •' 'V-Tiffr- «iM^KSdB 
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'4b 



7/;j 



7f 000 n 



§ $000 

4000- 
2000- 



ii-r-tHr-*; 



INHIBITION- 




100% 60% 45% 



S 



75-1 



50- 



25- 



*1 tc-fi f, •^r^.'i^S' 




»■*•*%* • * 

. . . &• - S 



" 5. . 



# INHIBITION 
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800- 
600- 

CL 



200 - 



% INHIBITION 





13 7Z-/>? - JO-4 



nm /mf-a - jo-4 

E23 IL-6 - NO DRUG 



F/G. 4 






9000- 




8000- 




7000- 


8 


6000- 






s 


5000- 








4000- 




3000- 




2000- 




1000- 



NO DRUG 



7d-W'(r.ojUMl 

_ jo-4a (wmr 

Y7777A MrMlmMh 




aw 

Ml 



--rib 



t • • - 






# INHIBITION 



25% 18% ftttT??.; KW* ^r^^?s*.«s!!g«!p^ 
SUBSTITUTE SHEET (RULE M),^ , ^...^ii^,^^^ 
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75004 




^ 1.5 JUg/ml 



% INHIBITION 




- 

74000 - 
^ Z2000- 
^ Z0000- 
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